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Abstract 

Quil A-based candidate measles vaccines have been shown to be immunogenic and protective in cotton rats and macaques. Here we 
studied the longevity of protective VN antibody levels induced in macaques with one dose of measles virus (MV) iscom. Inactivated MV 
adjuvanted with iscom-matrix or with purified Quillaja saponin QA-22 were also tested. All animals developed high levels of VN antibody 
and MV-specific IFN-y-producing cells. Especially the hi^ VN antibody levels induced by the latter two preparations showed virtually 
no decrease during the 2-year foUow-iq). These highly promising candidate MV vaccines should now be tested in infant macaques in the 
presence or absence of passively transferred and/or matemaDy derived VN antibodies. In addition, liie immnnopathological safety of the 
constructs should be evaluated in the atypical measles model in rhesus macaques. 
© 2002 Elsevier Science Lid. All rights reserved. 
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The possibility to induce long-term protection against 
measles with a "one-shot — early in life" vaccination ap- 
proach, would be a major step forward towards measles con- 
trol and the eventual eradication of measles vims (MV) [1]. 
Recently, we showed that both iscom- and modified vac- 
cinia virus Ankara (MVA)-based candidate measles vaccines 
may induce protection against MV infection in macaques, 
when administered in the presence of pre-existing virus 
neutralizing (VN) sermn antibody levels that preclude suc- 
cessful vaccination of infents with live attenuated vaccines 
(LAV) [2-4]. It has been shown that VN antibody levels 
>0.2 international units (rU)/ml are protective in infents and 
macaques [2,3]. 

The development of Quil A-based vaccines has been ham- 
pwed by problems related to toxicity of crude Quil A prepa- 
rations. The safety of iscom- and Quil A component-based 
vaccines has largely berai improved, since with highly puri- 
fied Quil A components virtually non-reactogenic vaccines 
can be made [5-7]. Further identification of components 
and structures essential for the induction of an optimal im- 
mune response with MV-iscom, have focused on the use of 
different purified Quil A components [8]. In addition, the 



* Corresponding author. Tel.: +31-10-*08806g; fex: +31-1^4089485. 
E-mail address: stittelaar@viro.fgg.enr.nl (K.J. Stittelaar). 



question was addressed whether formation of the character- 
istic iscom structure and the incorporation of antigen into 
this structure are required to induce cytotoxic T lymphocytes 
(CTL) in vitro and protective immune responses in vivo 
[8]. On the basis of the data generated in these studies three 
different preparations were selected for finther evaluation: a 
MV-iscom preparation, p-propiolactone (BPL)-inactivated 
MV adjuvanted with iscom-matrix and BPL-inactivated MV 
adjuvanted with QA-22 [8]. These three candidate vaccines 
induced protection against challenge with wild-type MV in 
cotton rats [9]. These results prompted us to evaluate flie 
longevity of protective levels of MV neutralizing antibody 
in macaques induced by one dose of these Quil A-based vac- 
cine candidates. To fliis end, a vaccination study was carried 
out in 15 captive-bred subadult healthy cynomolgus mon- 
keys {Macacafasdcularis). Preparation and characterization 
of the three vaccine candidates were described previously 
[8]. Briefly, MV-iscoms were prepared using the "dialysis 
method" with HPLC-purified Quil A components QA-3 and 
QA-22 (ratio 1:4). The iscom-matrixes were prepared iden- 
tically to flie MV-iscoms with the omission of solubilized 
MV. The iscom-matrix and "free" QA-22 were mixed with 
BPL-inactivated MV so that the F-protein-to-Quil A ratio 
was 0.5. The macaques were vaccinated intramuscularly 
with one dose of the vaccines (five animals per group), 
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Fig. 1. Development of MV-specific virus neuttalizing antibodies in plasma collected at difeient time-pointe after vaccination. Macaques were vaccinated 
inlianiuscnlarly at week 0 with one dose of MV-iscom prepaialion (#1-5), BPL-inactivated MV adjnvanled witti iscom-matrix (#6-10) or BPL-inactivated 
MV adjuvanted wifli QA-22 (#1 1-15). Eadt dose of each preparation contained 10 ji-g F-protdn and a F-pnottan-to-Quil A ratio of 0.5. 'Die line represents 
the average VN antibody levd of Ha group. 



each containing 10 |xg F-protein. Heparinized blood sam- 
ples were collected at weeks 0, 2, 4, 8, 12, 37, 77 and 1 12, 
and both plasma and PBMC samples were otyopreserved. 

The titers of MV-spedfic neutralizing antibody in plasma 
were measured and expressed in lU per ml as previously 
described [4]. High VN antibody levels (2-16IU/mi) were 
mduced within the first weeks after vaccination with all 
three vaccme candidates (Fig. 1). The groups vaccinated 
with inactivated MV adjuvanted with iscom-matrix and 
adjuvanted with QA-22 both showed a tendency of higher 
antibody levels that also persisted at higher levels than those 
of the MV-iscom group: the farmer two gioiq>s showed 
virtually no decrease in antibody levels during the 2-year 
follow-iq) period, 

MV-specific cellular immune responses were measured 
in a selection of the vaccinated macaques 4 weeks after vac- 
cination using an interferon gamma (IFN7) en2yme-linked 
immunospot (ELISPOT) assay for macaques (U-cytech, 
Utrecht, The Netherlands). PBMC were plated in 96-weU 
V-bottomed plates (Gremer Labor Technik, Nfirtingai, 



CJermany) at a concaatration of 1.5 x 10^ cells per well. 
To these wells autologous herpes papio virus-transformed 
B cells, either or not infected with MV Edmonston 48 h 
before, were added at a concentration of 3x10* cells per 
well Plates were cenlrifiiged for 10 s, incubated at 37 °C 
for 1 h and the co-cultured cells were then transferred to 
the ELISPOT plates (Silent Screen Plate 95-well w/Nylon, 
Lalge Nunc International, USA). After 6h cells were re- 
moved and the plates processed according to instructions 
provided by the manufacturer. In all the macaques tested, 
MV-specific IFN^-producing cells were demonstrated in 
PBMC (57-500 per 150,000 cells) collected 4 weeks after 
die vaccination, with no significant diflfermces between the 
groups (Fig. 2). 

In conclusion, all three measles vaccine candidates tested 
induced long-lasting protective levels of VN antibody in a 
"one-shot" regimen. Especially the two vaccines based on 
inactivated whole MV, adjuvanted either with iscom-matrix 
or with QA-22, induced antibody levels that showed virtu- 
ally no decline over the 2-year foUow-up period. This would 
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Fig. 2. MV-specific vaccine-induced spot forming cdls (SFC) in PBMC at 4 weeks after vaccination as measured by an IFN^-specific ELISPOT assay. 
PBMC were co-cultured during 6 h with herpes papio virus-transfonned autologous B cells that were infected with MV. The results were corrected for 
SFC obsCTved in wells with uninfected heipes papio viius-transformed B cells. PBMC were isolated from macaques that were vaccinated with one dose 
of MV-iscMn pnjBiatiOT (#1-5), BPL-inactivatBd MV adjnvanled witti iscom-maHix (#6-10) or BPL-inactivated MV adjuvanted with QA-22 (#1 1-15). 
Each dose of each prq>aralian cmtained lOjig F-^irotcin and a F-protran-to-Quil A ratio of 0.5. ND, not done. 



favor Ihese two preparations for fiirflier efficacy and safety 
evaluation in infant macaques. These studies should be per- 
formed both in the absence and presence of passively trans- 
ferred and/or maternally derived VN antibodies. 

A specific problem with the use of measles vaccines 
based on inactivated MV, as proposed here, is the legacy 
of the problem that arose in the late 1960s: the use of 
formalin-inactivated measles adjuvanted with alum predis- 
posed infents for developing atypical measles upon later 
infection with wild-type MV [10]. Therefore, before clinical 
trials can be considered, the safety of these Quil A-based 
candidate measles vaccines with respect to immunopathol- 
ogy should be addressed in the recently described atypical 
measles model in rhesus macaques [11]. 

Taken together, the data generated in this study justify 
further evaluation of the safely and efficacy of iscom-matrix- 
and QA-22-adjuvanted measles vaccine candidates. 
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